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(54) ELECTROMAGNETIC ACTUATOR 

(57) An electromagnetic actuator for driving a mov- 
able plate equipped with an optical element such as a 
mirror on the basis of the operation principle of a galva- 
nometer. The structure of the movable plate is simpli- 
fied, and a driving coil and a wiring are formed by 
aluminium vapor deposition to improve durability. When 
an impact brings the movable plate outside the allowa- 
ble rocking range of the movable plate, a stopper pre- 
vents excessive displacement of the movable plate to 
thereby prevent destruction of a torsion bar that sup- 
ports the movable plate. Moreover, electrical connection 
in the torsion bar is eliminated to prolong the service life, 
and a production process is simplified to reduce a pro- 
duction cost. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to an electromagnetic 
actuator based on the operation principle of "galvano- 
miller" manufactured by utilizing the "semiconductor 
manufacturing process" which is the process for manu- 
facturing semiconductor devices, such as transistors or 
integrated circuits. 

2. Brief Description of the Related Art 

Examples of electromagnetic actuators of such a 
type are disclosed in Japanese laid-open publication 
Nos. 5-320524, 6-9824 6-310657 and 6-327569. 

Disclosed in Japanese laid-open publication Nos. 
5-320524 is a fundamental model of an electromagnetic 
actuator of this type, comprising a semiconductor sub- 
strate, on which a movable plate and a torsion bar are 
integrally mounted, wherein the torsion bar swingably 
supporting the movable plate with respect to the sub- 
strate, a driving coil formed around the movable plate, a 
galvano-miller mounted to the movable plate, and 
means for generating a magnetic field for applying a 
magnetic field forlhe driving ceil; and the movable piate 
is driven by the galvano-miller by flowing a current 
through the driving coil. 

Laid-open publication No. 6-9824 discloses sub- 
stantially the fundamental model as described above, 
but modified in that a detection coil for positional detec- 
tion of the movable plate is connected to the driving coil. 

Laid-open publication No. 6-310657 discloses an 
optical detector of the type in which the direction of the 
optical axis is varis&le, wherein the miller in the galvano- 
miller disclosed in No. 5-320524 or No.6-9824 is 
replaced by a photo -dedecicr element. 

Rnaliy, Laid-open publication No. 6-327369 dis- 
closes an electrc magnetic actuator of the type, such as 
galvano-miller or optica) axis variable type, in which a 
torsion bar is made of electro-conductive to form an 
electric connection, so as to prevent disconnection of 
the wiring pattern around the torsion bar caused by the 
repetion of torsional action of the torsion bar. 

The electromagnetic actuator disclosed in Laid- 
open publication No. 6-3 1 0657 is described below as to 
the embodiment thereof 

RELATED ART 1 

With reference to enlarged views of FIGS.32 and 
33. as ihe related art 1. the arrangement of "an optical 
detector of the type in which tiie direction of the optical 
axis is varabie" is described. The example s of She 
related arts 1 to 3 hereinafter are al of the type which 
operates by the same principle of the galvanometer. 
Also, the drawings© includeing FIGS. 34 to 39 are all 



enlarged views. 

In FIGS. 32 and 33, the optical detector 1 of the 
type in which the direction of the optical axis is varable 
is composed of a three-layered structure, including a sil- 

5 icone base 2 as a semiconductor substrate, and a pair 
of borosilicate glass bases 3 and 4 bonded on the upper 
and lower surfaces of the silicone base, laminated so as 
to allow free outside. 

Here, there is the Joule's loss due to the resistance 

10 component in the coil, and sometimes the driving ability 
is limited due to general ed heat, and, therefore, the flat 
coil 7 is formed by electroforming, co mprising the steps 
of: sputtering a thin nickel layer on a substrate, fo rming 
thereon a copper layer by Cu electrolytic plating, and 

75 removing pa rt of Cu and Ni layer leaving the coil pattern 
to form the flat coil, fe atured in forming the thin layer coil 
with iow resistance and high densi ty, providing the 
micromagnetic device with minrturlized and thinned pro 
fiJe. 

20 On the upper central area of the coil, a pn photodi- 
ode 3 is form ed in a known process, and a pair of elec- 
trode terminals S, 9 connecting to the flat coil 7 via the 
portion of torsion bar 6, where the terminal s 9, 9 are 
formed simultaneously with forming of the flat coil 7. 

25 On both sides referring to FIG.32 of substrates 3 
and 4. each pair-formed annular permanent magnets 
1 0A. 1 0B; and 1 1 A. 1 1 B for applying a magnetic field on 
the flat coil, on the region parallel with the torsion bar 
axis. Three pairs of magnets 10A, 10B, each pair 

30 therein being vertically arranged, are located such that 
the polarity is uniform , e.g. all N-pdes locate lower 
sides, and S-poles upper sides as in FIG .33. Similarly, 
the other three pairs 11 A, 1 1 B are located so as to have 
the polarity opposite to the above-mentioned pairs 10A 

35 and 10B. 

Also, on the lower side of the glass base 4, a pair of 
coils are patterned and provided, which are connected 
to the paired terminals 13 and 14 (Schematically 
depicted by one dotted line in FIG. 32, but actually of a 

40 plurality of turns). The detection coils 12A t 12B are 
locsted synmetricaliy relative to torsion bar 6, to detect 
the displacement angle of movable plate 5, and are 
located so that the mutual inductance between the fiat 
coil 7 and detection coils 12 A, 12B varies so as to 

45 increase when one of these approaches the other, and 
decrease when the other h away from the other. For 
example, by detecting the change of the voltage signal 
produced due to the mutua' inductance, the displace- 
ment angle cf movabie p'&o 5 can bs detected. 

so In operation, when a current is flowed across one 
terminal 9 and the other 9 as «■ and • electodes. respec- 
tively, a magnetic field is formed so as to cross the flat 
coil 7 as the £nov B in FIG. 34 sftows. When a current 
flews via the coil 7, a force F is applied on flat coil 7 , or. 

55 in other words, across the ends of movable plate 5, in 
the Erection according tc the Flemming's left-hand law, 
and such a force ; s obtained by the Lorentz* law. 

the force F is obtained ly the following formula (1), 
when i is current density flowing across the coil 7, and B 
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is magnetic flux formed by the upper and lower mag- 
nets: 

F = i*B (1) 

Actually, depending on the turn number n of coil 7, and 
the ceil length w along which the force F is applied, the 
force F is again: 

F = nw(i*B) (2) 

On the other hand, by rotation of movable plate 5, the 
torsion bar 6 is tilted, and relation between the opposed 
spring force F and the displacement angle $ of movable 
plate 5 is as follows: 

$ = (Mx /Gip) = (FL/8;5 * 109 r4) * 11 (3) 

Where Mx: torsional moment, G: lateral elastic coeffi- 
cient, Ip: polar sectional secondary moment. L, 1 1 and r 
are, respectively, the distance from the central axis to 
the force point,, the length of the torsion bar , and the 
radius of torsion bar as shown in FIG.34. 

As the movable plate 5 rotates until where the 
forces F and F reach to their balanced state, the dis- 
placement angle varies in proportional with the current 

By controlling the current flowing via the coil 7, the 
object being monitored can be traced in the one-dimen- 
sional manner. 

The induced voltage generated in detection coils 
12A and 12B varies according to the displacement of 
optical detector element 8: thereby the detection of such 
voltage allows to detect the optical axis displacement 
angle <t> of the detector element 8. 

. Also, by the arrangement in FIG, 35 as including a' 
differential amplifier circuit, the optical axis displace 
ment angle 4> can be controlled in a precistoned manner. 

. In the above-describe Related art, the movalbe 
assembly can _ be typically small-sized and tight- 
weighted. No compensation for the dispersion of com- 
ponent parts is required. 

RELATED ART 2 

An "optical axis direction variable-type photo-detec- 
tor" shown in FIG.36, compared with the Related art 1, 
a two-axised photo-detector is provided, having a pair of 
torsion bars perpendicular with each other . 

In FIG.36 again, the optical axis direction variable- 
type photodetector 21, , having the three layered con- 
struction, includes a silicon s ubstrate 2 and a pair of 
upper and lower glass substrates 3, 4 bonded to gether. 
On each center of substrates 13 and 14, a pair of recti- 
linear r ecesses 3A, 3B are:Jormed. The glass sub- 
strates 13, 14 each is bonded on the silicon substrate 2 
in the manner that the upper glass 3 is placed on th& Si 
substrate 2 with the recess 3 A being lower side to be 
bonded thereon, while th® lower glass 4 is placed with 
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the recess 4A being upper side to be bonded on Si sub- 
strate 2. As a result, a space is provided, in which the 
movable plate 5 having a detection element 8 thereon is 
allowed to rock therein. 

In operation, a current flowed across the coil 7A 
causes the ext ernal movable plate 5A to rotate around 
the first torsion bars £A, 6A ac cording to the current 
direction, wherein the internal movable plate 5B also 
rotates integrally with the external movable plate 5A, 
and the phot odiode 8 operates in the same manner as 
the case of the Related art 1 . 

The object to be monitored can be traced in the 
two-dimensional manner. 

RELATED ART 3 

As shown in RG.37, 38 and 39, ai optical axis 
direction variable-type photo-detector is provided. Dif- 
ferent from the Related art 2, either of glass substrates 
3, 4 is formed in a fiat shape having no recesses 3 A, 4 A. 
Instead, a recti'inear opening 3a is formed in the mova- 
ble plate 3 for allowing the detection light to directly 
enter the photodiode 8. 

VARIATIONS 

Other variations are possible for the optical detector 
element instead of a phoiodiode, such as a line sensor 
or an area sensor, each comprising a plurality of of pho- 
todiodes. Also, phototransistois, photoconductors, or 
CCD may be employed. As nacessary, microlens for 
converging the incident light is provided in front of the 
optical detector element. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. t is a perspective view of an embodiment 1 of 
the invention; 

FIG.2 is an illustrative view (No.1) of the production 
process of the embodiment 1 ; 
FIG.3 is the additional illustrative view (No.2) of the 
production process of the embodiment 1 ; 
FIG.4 is the additional illustrative view (No.3) of the 
production process of the embodiment 1 ; 
FIG.5 is a schematic view describing the driving 
process of the embodiment 1 ; 
FIG.6 is an illustrative view {No. 1 ) of the production 
process of the embodiment 2; 
FIG.7 is another illustrative view of (No.2) of the 
production process of the embodiment 2; 
FIG.8(a) and (b) each is an end view illustrating wir- 
ings formed on the torsion bars; 
FIG;9 is a perspective view of the embodiment 3; 
. FIG. 10 is a perspective view showing the magnet 
arrangement; 

FIG. 1 1 is a fragmentary vietvs cf a torsion bar; 
FIG. 12 is a fragmentary view of a cantilever; 
FIG. 13 is another view of a torsion bar; 
F!G.l4,ir, an illustrate view Na1 of the production 
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process of the embodiment 3; 
FIG.15 is an illustrative view No.2 of the production 
process ; 

FIG.16 is an illustrative view No.1 of the production 

process of the embodiment 4; 

FIG.1 7 is an illustrative view No.2 of the production 

process; 

FIG.1 8 is an illustrative view No.1 of the production 

process of the embodiment 5; 

FIG.1 9 is an illustrative view No.2 of the production 

process; 

FIG.20 is an illustrative view No.1 of the production 

process of the embodiment 6; 

FIG.21 is an illustrative view No.2 of the production 

process; 

FIG.22 is an illustrative view No.3 of the production 

process following to FIG.20; 

FIG.23 is a perspective view of the embodiment 7; 

FIG.24 is an illustrative view No.1 of the production 

process of a tip of the embodiment 7; 

FIG.25 is an illustrative view No.2 of the production 

process; 

FIG .26 is an illustrative view of the production proc- 
ess of a support substrate of the embodiment 7; 
FIG .27 is an illustrative view of the assembly proc- 
ess of embodiment 7 ; 

FIG.28 is a schematic view describing the driving 
process of the embodiment 7, 
FIG.29 is a diagrammatic view illustrating the reso- 
nance property; 

FIG.30 is a schematic view of embodiment 8; 

FIG.31 is a schematic view describing the driving 

process of the embodiment 9; 

FIG.32 is a plan view of the Related art 1 ; 

FIG.33 is a sectional view of FIG.32; 

FIG.34 is a perspective view of the Related art 1 ; 

FIG.35 is a principle diagram for angle detection in 

the Related art 1 ; 

FIG.36 is a perspective view of the Related art 2; 
FIG.37 is a plan view or the Related art 3; 
FIG.38 is a sectional view taken along B-B of 
FIG.37; and 

FIG.39 is a sectional view taken along C-C of 
FIG.37. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

EMBODIMENT 1 

FIG.1 shows a summary view of an embodiment of 
an electromagnetic actuator 100. in which the direction 
' of the optical axis of an optical unit (including a miller, 
light receiving element light emitting element etc) 104 
is allowed to swing within a two-dimensional surface, 
wherein a first and a second driving coils 102 and 103, 
respectively, is a one-turn coil of thin film, and connected 
in series to each other. 

The embodiment differs from the Related Art 2 in 
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construction of the driving coil, in arragement of the 
mermanent magnet, and in the method of actuaing the 
electromagnetic actuator. But the modified arrangement 
of the magnet does not cause a variation of the function 

5 as the electromagnetic actuator, and rather provides 
advantages, by utilizing a componet of magetic flux per- 
pendicular to the driving coil, to reduce the nuber of per- 
manent magnets, to simplify the construction and 
reduce the production cost. 

10 The process of producing the electromagnetic actu- 
ator is described referred to FIGS.2 to 4, wherein the 
thickness is enlarged than the horizontal dimension for 
clarity, as is the same in FIGS.6 and 7 hereinafter. 
The right side figures in both of FIGS.2 and 3 are 

is plan views, and left side figures are sections taken 
along line A-A\ In step (a), an oxide layers 201 and 202 
are formed on the upper and lower surface of a silicone 
substrate 200. In step (b), the oxide layer 202 is partially 
removed by photolithography and oxide-layer etching, 

20 but leaving a peripheral area 203, an external movable 
area 204 and an internal movable area 205. In step (c), 
a thin oxide layer 206 is formed on the areas where the 
oxide layer has been removed in step (b). In step (d), the 
oxide layer 206 is partially removed by photolithography 

25 and oxide-layer etching, but leaving the areas of a first 
torsion bar 207 and a second torsion bar 208. In step 
(e). the areas removed in step (d) is processed by ani- 
sotropic etching. In step (f), the oxide layer still remainig 
is removed, fn step (g), by anisotropic etching, a first tor- 

30 sion bar 207, external movable plate 208, second tor- 
sion bar 209 and an internal movable plate 210 is 
formed. 

In step (ri), aluminum layer 211 is formed on the 
oxide layer 201 of the upper surface of silicon base 200 

35 by aluminum evaporation. In step (i), the aluminum layer 
21 1 is partially removed by photolithography and alumi- 
num etching to simultaneously form a terminal 212, a 
wiring 213 on the first torsion bar, a first driving coil 102, 
a wiring 2 1 4 on the second torsion bar, a second driving 

40 coil 103, and a miller 215 as an optical element. 

As can be seen, the first and second driving coils 
are connected in series, and connected to terminal 212. 

In step (j), an organic protective layer is formed by 
photolithography so as to surround the first and second 

45 driving coils 102 and 103. In step (k), the oxide layers 
217, 218 and 202 are removed by oxide layer etching, 
including one 217 intermediate between the fringe area 
203 and external movable plate 208, another oxide layer 
218 between the external and internal movable plates 

so 208 and 210, and the remaining oxide layer 202, to form 
a chip 10V 

In step (I), the chip 101 above is placed on and 
bonded to a separately prepared silicone base 220 hav- 
ing a recessed region 219 in the middle thereof, and in 
55 step (m), a pair of permanent magnets 105 and 106 are 
mounted in diagonal relationship to complete an elec- 
tromagnetic actuator 1 00. 

To operate the electromagnetic actuator 100, in 
which the first and second driving coils are connected in 
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seires to each other, and both coils are driven by the 
same current flow, different from the Related art 2. 
Therefore in the invention, utilizing the differenct 
between the resonant frequencies of the external mov- 
able plate driven by the first driving coil 1 02 and internal 
movable plate driven by the second driving coil 103, the 
external and internal movable plates are separately 
drive n so as to allow the optical element 104 to swing in 
the two-dimensional direction. 

Suppose that the resonant frequency of the exter- 
nal and internal movable plates are, respectively, 400 
and 1600 Hz. As shown inFIG.5 (a), the variable sinu- 
soidal altenating source 51 having 400 Hz(f1) and an 
output voltage e1 , and the variable sinusoidal altenating 
source 52 having 1600 Hz (f2) and an output voltage e2, 
are connected in series and further connected to the 
terminal 212 of the electromagnetic actuator 100. 

As a result, the external movable plate 208 is acti- 
vated by the voltage generated from the a.c. source 51 
and is resonated in oscillation at 400 Hz relative to X- 
axis, while the internal movable plate 210 is also acti- 
vated by the voltage generated from the a.c. source 52 
and is resonated in oscillation at 1600 Hz relative to Y- 
axis. Thus, as shown in FIG. 5(b), the direction of the 
optical axis of the optical element 104 oscillates in the 
two-dimensonal manner as a Ussajous figure traces. 
When the ratio between the resonant frequencies of 
external and internal movable plates is set to be an inte- 
ger, the Ussajous figure turns to move with the time, 
and thus the fine scanning becomes possible . The 
swing in the X -direction varies in accordance with 
changing the voltage of the a.c. source 51 , while the 
swing in the Y-directicn varies in accordance with 
changing the voltage of the a.c. source 52. The 
mechanical Q of the movable plate of the electromag- 
netic actuator of this type at a resonant state is high, 
and the amplitude is substantially decreased, when the 
source frequency varies even by several Hz. Accord- 
ingly, neither the internal movable plate would be acti- . 
vated to oscillate by ac source 51, nor the external 
movable plate would t?e activated to oscillate by ac 
source 52. Also, because of utilizing resonace, and 
because it is impossible to detect the displacement 
angle of the movable plate by means of a detecting coil 
to feedback control the displacement angle, any coil for 
detection is not needed. 

That shown in FIG.5 (a) is an example of being 
actuated with a votage source having a small internal 
impendance, while, when actuated by a source having a 
lage internal impendance, both voltage source is nor- 
mally connected to the terminal 212. 

As discussed above, in the present embodiment, 
since the coils are connected in. series with each one 
turn, the numbers of terminals, of wirings on each tor- 
sion bar, or of turns of each driving coil is reduced, 
thereby the construction being largely simplified. Since 
those id uding the coils, terminals, the wirings of torsion 
bars, and the miller, are all formed by photolithography 
and aluminum etching, the number of masks needed for 



the process is largely reduced to simplify the producti on 
processes with a lowered costs. 

EMBODIMENT 4 

5 

As shown in FIGS. 16 - 17, the embodiment pro- 
vides a movable plate having a light weight lor prevent- 
ing damage of the torsion bar in the event of an 
excessive displacement of the movable plate, such as 
10 caused by an external shock. 

EMBODIMENTS 

As shown in FIGS. 18 and 19, the embodiment pro- 
15 vides a combined method by combining the first and 
second methods, namely providing a stopper and sav- 
ing the mass of the movable plate. 

EMBODIMENT 6 

As shown in FIGS.20, 21 and 22, the embodiment 
provides a stopper and saving the mass of the movable 
plate, and further through the production process of a 
higher practical utility. 

25 , . 

EMBODIMENT 7 . ' 

As shown in F!G.23, the embodiment provides an 
optical element 1108 (including a miller, light receiver, 
30 light emitter, etc) which is allowed to oscillate in the two- 
dimensional manner relative to its optical axis. 

EMBODIMENT 8 

35 As shown in FIG.30, the embodiment provides a tip 
81, manufactured in the same process as embodiment 
7, which is vacuum sealed by pyr ex glass bases 82, 85 
and Si spacers 83, 84, thus the response character 
, istics are improved and degradation is prevented. 
40 in this case, the primary coil 86 is formed in outside 
region. 

EMBODIMENT? 

45 As shown in FIG.31 , the embodiment provides the 
. use of a carrier wave for urging from the primary coil to 
the first and second driving coils. 



Claims 

so 

1. An electromagnetic actuator comprising: 

an external movable plate formed integrally 
with a semiconductor substrate; 
55 . , a first torsion bar for swinrjably support said 
movable plate with respect to said semiconduc- 
tor substrate; 

an internal movable plate disposed inside said 
, external movable plate; 
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a second torsion bar rotatabiy supporting said 
internal movable plate relative to said external 
movable plate, and positioned at right angle rel- 
ative to said first torsion bar; further includeing: 
a one-turned first driving coil provided around s 
said external movable plate; 
a second driving coil provided around said 
internal movable plate, and connected in series 
to said first driving coil; 

magnetic field generating means for applying a 10 
static magnetic field to said first and second 
driving coils; and 

an optical element formed on said internal 
movable plate; 

a current is caused to flow through said first 75 
and second driving coils, and, by using a force 
produced therefrom, said external and internal 
movable plates are caused to move, and thus 
to vary the direction of said optical axis. 

20 

2. An electromagnetic actuator comprising: 

an external movable plate integrally formed 
with a semiconductor substrate, 
a first torsion bar for swingably support said 25 
movable plate with respect to said semiconduc- 
tor substrate; 

an internal movable plate disposed inside said 
external movable plate; 

a second torsion bar rotatabiy supporting said 30 
internal movable plate relative to said external 
movable plate, and positioned at right angle rel- 
ative to said first torsion bar; further includeing: 
a one-turned, closed-looped first driving coil 
provided around said external movable plate; 35 
a one-turned, closed-looped second driving 
coil provided around said internal movable 
plate, and connected in series to said first driv- 
ing coil; 

magnetic field generating means for applying a 40 
static magnetic field to said first and second 
driving coiis; and 

an optical element formed on said internal 
movable plate; 

a current is caused to flow through said first 45 
and second driving coils, and, by using a force 
produced therefrom, said external and internal 
movable plates are caused to move, and thus 
to vary the direction of said optical axis. 

so 

3. A method of manufacturing said electromagnetic 
actuator according to claim 1 or 2, comprising the 
steps of: 

forming an aluminum layer on a semiconductor 55 
substrate by aluminum deposition; and 
forming said driving coils from said aluminum 
layer through phot olithography and aluminum 
etching. 
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4. A method of manufacturing said electromagnetic 
actuator according to claim 1 or 2, comprising the 
steps of: 

forming an aluminum layer on a semiconductor 
substrate by aluminum deposition; and 
forming said driving coils and a miller of said 
optical element at the same time from said alu- 
minum layer through photolithography and alu- 
minum etching. 

5. A method of manufacturing said electromagnetic 
actuator according to claim 1 , comprising the steps 
of: 

forming an aluminum layer on a semiconductor 
substrate by aluminum deposition; and 
forming said driving coils and wiring on said 
torsion bar at the same time from said alumi- 
num layer through photolithography and alumi- 
num etching. 

6. An electromagnetic actuator comprising: 

movable plates formed integrally with a semi- 
conductor substrate; 

a torsion bar for swingably support said mova- 
ble plate with resp ect to said semiconductor 
substrate; 

driving coils provided around said movable 
plate; 

magnetic field generating means for applying a 
static magnetic field to said driving coils; 
an optical element formed on said movable 
plate; 

a current is caused to flow through said first 
and second driving coils, and, by using a force 
produced therefrom, said movable plates are 
caused to move, and thus to vary the direction 
of said optical axis , and 
a stopper disposed in facing at least one sur- 
face of said movabie plate for preventing an 
excessive displacement of said movable plate 
in the event of receiving a physical shock. 

7. An electromagnetic actuator comprising: 

an external movable plate formed integrally 
with a semiconductor substrate; 
a first torsion bar for swingably support said 
movable plate with respect to said semiconduc- 
tor substrate; 

an internal movable plate disposed inside said 
external movable plate; 

a second torsion bar rotatabiy supporting said 
internal movable plate relative to said external 
movable plate, and positioned at right angle rel- 
ative to said f irst torsion bar; further includeing: 
a one-turned first driving coil provided around 
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said external movable plate; 
a second driving coil provided around said 
internal movable plate, and connected in series 
to said first driving coil; 

magnetic field generating means for applying a s 
static magnetic field to said first and second 
driving coils; 

an optical element formed on said internal . 
movable plate; 

a current is caused to flow through said first w 
and second driving coils, and, by using a force 
produced therefrom, said external and internal 
movable plates are caused to move, and thus 
to vary the direction of said optical axis; and 
a stopper disposed in facing at least one sur- 75 
face of said movable plates for preventing an 
excessive displacement of said movable plat es 
in the e^ent of receiving a physical shock. 



8. An electromagnetic actuator according to claim 6 or 20 
7, wherein said stopper is a beam member, pro- 
vided away from the range of said movable plate 
being rocked, and extending in parallel with said 
torsion bar. 

25 

9. An electromagnetic actuator comprising: 



a one-turned first driving coil provided around 
said external movable plate; 
a second driving coil provided around said 
internal movable plate, and connected in series 
to said first driving coil; 

magnetic field generating means for applying a 
static magnetic field to said first and second 
driving coils; 

an optical element formed on said internal 
movable plate; 

a current is caused to flow through said first 
and second driving coils, and, by using a force 
produced therefrom, said external and internal 
movable plates are caused to move, and thus 
to vary the direction of said optical axis; and 
said external and internal movable plates is 
formed as a thin film from said semiconductor 
. substrate. 

1 1 . An electromagnetic actuator according to claim 6, 7 
or 8, wherein said movable plates are of thin film 
formed from said semiconductor sub strata 

12. An electromagnetic actuator comprising: 

movable plates formed integrally with a semi- 
conductor substrate; 

a torsion bar for swingably support said mova- 
ble plate with resp ect to said semiconductor 
substrate; 

driving coils provided around said movable 
plate; 

magnetic field generating means for applying a 
. static magnetic field to said driving coils; 
an optical element formed on said movable 
plate; 

a primary coil electromagnetically connected to 
said driving coils; 

a current is caused to flow through said primary 
- coil in said driving coils, and, by using a force 
produced therefrom, said movable plates are 
caused to move, and thus to vary the direction 
. of said optical axis. 

13. An electromagnetic actuator comprising: 

an external movable plate formed integrally 
with a semiconductor substrate; 
a first torsion bar for swingably support said 
movable plate with respect to said semiconduc- 
tor substrate; 

an internal movable plate disposed inside said 
external movable plate; 

a second torsion bar rotatabty supporting said 
internal movable plate relative to said external 
, movable plate, and positioned at right angle rel- 
ative to said first torsion bar; further including: 
a first driving coil formed as a closed-loop pro- 
vided around said external movable plate; 



movable plates famed integrally with a semi-, 
conductor substrate; 

a torsion bar for swingably support said mova- 30 
ble plate with resp ect to said semiconductor, 
substrate; 

driving coils provided around said movable 
plate; , . 

magnetic field generating means for applying a 35 
static magnetic field to said driving coils; 
an optical element formed on said movable ,, 
plate: . , 

. a current is caused to flow through said first 
and second driving coils, and, by using a force 40 
produced therefrom, said movable plates are 
caused to move, and thus to vary the direction 
of said optical axis , and 
said movable plates is formed as a thin film 
from said semiconductor substrate. 45 

10. An electromagnetic actuator comprising: 

an external . movable plate formed integrally 
. with a semiconductor substrate; so 
a first torsion bar for swingably support said 
movable plate with respect to said semiconduc- 
tor substrate: 

an internal movable plate disposed inside said 
external movable plate; ss 
a second torsion bar rotataWy supporting said 
internal movable plate relative to said external 
. movable plate^'and positioned at right angle rel- 
ative to said first torsion bar; further indudeing: 
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a second driving coil formed as a closed-loop 
provided around said internal movable plate; 
magnetic field generating means for applying a 
static magnetic field to said first and second 
driving coils; 5 
an optical element formed on said internal 
movable plate; 

a primary coil electromagnetically coupled to 
said first and second driving coils; and 
a current is caused to flow through said primary 10 
coil in said driving coils, and. by utilizing a force 
produced therefrom, said movable plates are 
caused to move, and thus to vary the direction 
of said optical axis. 

15 

14. An electromagnetic actuator comprising: 

movable plates integrally formed with a semi- 
conductor substrate; 

a torsion bar for swingably support said mova- 20 
ble plate with respect to said semiconductor 
substrate; 

driving coils provided around said movable 

plate for forming a closed loop via a diode; 

magnetic field generating means for applying a 25 

static magnetic field to said driving coils; 

an optical element formed on said movable 

plate; 

a primary coil electromagnetically coupled to 
said driving coils; 30 
a demodulation current is caused to flow 
through said primary coil in said driving coils, 
and, by using a force produced therefrom, said 
movable plates are caused to move, and thus 
to vary the drection of said optical axis. 35 

15. An electromagnetic actuator comprising: 

an external movable plate formed integrally 
with a semiconductor substrate; 40 
a first torsion bar for swingably support said 
movable plate with respect to said semiconduc- 
tor substrate; 

an internal movable plate disposed inside said 
external movable plate; 45 
a second torsion bar rotatably supporting said 
internal movable plate relative to said external 
movable plate, and positioned at right angle rel- 
ative to said first torsion bar; further indudeing: 
a first driving coil provided around said external so 
movable plate , and forming a closed loop 
through a diode; 

a second driving coil provided around said 
internal movable plate, and forming a closed 
loop through a diode; 55 
magnetic field generating means for applying a 
static magnetic field to said first and second 
driving coils; 

an optical element formed on said movable 



14 

plate; 

a primary coil electromagnetically coupled to 
said driving coils; and 

a demodulation current is caused to flow 
through said primary coil in said driving coils, 
and, by using a force produced therefrom, said 
movable plates are caused to move, and thus 
to vary the direction of said optical axis. 

16. An electromagnetic actuator according to claim 12 
to 15, wherein the area including said movable 
plates, torsion bars and driving coils is arranged in 
a vacuum or gas encapsulated region, while said 
first driving coil is disposed away from said region. 

17. An electromagnetic actuator comprising: 

an external movable plate formed integrally 
with a semiconductor substrate; 
a first torsion bar for swingably support said 
movable plate with respect to said semiconduc- 
tor substrate; 

an internal movable plate disposed inside said 
external movable plate; 

a second torsion bar rotatably supporting said 
internal movable plate relative to said external 
movable plate, and positioned at right angle rel- 
ative to said first torsion bar; further indudeing: 
a first driving coil forming a closed loop around 
said external movable ptate; 
a second driving coil forming a closed loop 
around said internal movable plate; 
magnetic field generating means for applying a 
static magnetic fieid to said first and second 
driving coils; 

an optical element formed on said interna) 
movable plate; 

a primary coil electromagnetically coupled to 
said second driving coil; and 
a current is caused to flow from the exterior to 
flow in said second driving coil through said pri- 
mary coil, and, by using a force produced 
therefrom, said movable plates are caused to 
move, and thus to vary the direction of said 
optical axis. 

18. An electromagnetic actuator comprising: 

an externa] movable plate formed integrally 
with a semiconductor substrate; 
a first torsion bar for swingably support said 
movable ptate with respect to said semiconduc- 
tor substrate; 

an internal movable plate disposed inside said 
external movable plate; 

a seoond torsion bar rotatably supporting said 
internal movable plate relative to said external 
movable plate, and positioned at right angle rel- 
ative to said first torsion bar; further indudeing: 
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a first driving coil forming a closed loop around 
said external movable plate; 
a second driving coil forming, via a diode, a 
closed loop around said internal movable plate; 
magnetic field generating means for applying a s 
static magnetic field to said first and second 
driving coils; 

an optical element formed on said movable 
plate; 

a primary coil electromagneticslly coupled to io 
said second driving coil; and 
a current is caused to flow from the exterior to . 
urge said second driving coil by said primary 
coil, a demodulation current is caused to flow 
through said second driving coil, and, by using is 
a force produced therefrom, said movable 
plates are caused to move, and thus to vary the 
direction of said optical axis. 

19. A method of manufacturing said electromagnetic 20 . 
actuator according to claim 1 2 to 1 8, comprising the 
steps of: 

depositing an aluminum layer on said semicon- 
ductor substrate by vacuum evaporation, and 25 
forming said driving coils from said aluminum 
layer through photolithography and aluminum 
etching. 

20. A method of manufacturing said electromagnetic 30 
actuator according to claim 1 2 to 1 8, comprising the 
steps of: 

depositing an aluminum layer on said semicon- 
ductor substrate by vacuum evaporation, and 35 
forming said driving coils, optical element and 
miller are simultaneously from said alumimum 
- layer through photolithography and aluminum 
etching. 
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